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Ꮫ ఩ ㄽ ᩥ 㢟 ┠ ᪂つேᕤᰁⰍయ࣋ࢡࢱ࣮ࢆ⏝࠸ࡓ DNA-PKcs㑇ఏᏊⓎ
⌧ไᚚ⣔ࡢᵓ⠏
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๪ᰝ ᢲ ᮧ ග 㞝  ▼ 㒊 ⿱ ୍  
Ꮫ ఩ ㄽ ᩥ ࡢ ෆ ᐜ ࡢ せ ᪨
᪤Ꮡࡢ㑇ఏᏊᑟධ࡟࠾ࡅࡿၥ㢟Ⅼࢆඞ᭹ࡍࡿࡓࡵࡢ୍ࡘࡢ᪉ἲ࡜ࡋ࡚ࣄࢺேᕤᰁⰍయ㸦 Human 
artificial chromosome ; HAC 㸧ࢆ⏝࠸࡚ DNA ಟ᚟㑇ఏᏊ࡛࠶ࡿ DNA-PKcs㸦 DNA-dependent 
Protein Kinase catalytic subunit 㸧Ⓨ⌧ไᚚ⣔ࡢᵓ⠏ࢆ⾜ࡗࡓࠋHACࢆ⏝࠸ࡿࡇ࡜࡛ᑟධࡍࡿ㑇ఏ
Ꮚࢆཷᐜ⣽⬊ෆ୍࡛ᐃࡢࢥࣆ࣮ᩘ࡛Ᏻᐃ࡟ಖᣢࡍࡿࡇ࡜ࠊࡲࡓࠊᑟධࡍࡿ DNA 㓄ิࡢ኱ࡁࡉ࡟ไ⣙
ࡀ࡞࠸ࡓࡵ」ᩘࡢⓎ⌧ไᚚᵓ㐀ࣘࢽࢵࢺࡸᕧ኱࡞㑇ఏᏊࢤࣀ࣒࡞࡝ࢆ⣽⬊࡟ᑟධྍ⬟࡛࠶ࡿࠋ
DNA-PKcsࡢ኱㔞Ⓨ⌧ࡣ⣽⬊ẘᛶ࠶ࡿ࠸ࡣቑṪᢚไࢆᘬࡁ㉳ࡇࡍ࡜⪃࠼ࡽࢀࠊࡑࡢⓎ⌧⣔ࡢᵓ⠏ࡣᚑ
᮶ࡢ࣋ࢡࢱ࣮⣔࡛ࡣ㠀ᖖ࡟ᅔ㞴࡛࠶ࡾࠊேᕤⓗ࡟Ⓨ⌧ࢆไᚚࡍࡿࢩࢫࢸ࣒ࡀᚲせ࡜⪃࠼ࡽࢀࡓࠋ
 ࡑࡇ࡛ࠊᮏ◊✲࡛ࡣ HAC ࣋ࢡࢱ࣮ୖ࡟ࠊࢸࢺࣛࢧ࢖ࢡࣜࣥ࡟ࡼࡿㄏᑟ⣔ࡢࢸࢺࣛࢧ࢖ࢡࣜࣥㄪ⠇
ᛶࢺࣛࣥࢫάᛶ໬ᅉᏊ࡜ࠊDNA-PKcs ࡢ cDNA ࢆᤄධࡋࠊேᕤⓗ࡞Ⓨ⌧ไᚚࢆྍ⬟࡜ࡍࡿ࣋ࢡࢱ࣮
ࢆస〇ࡋࠊDNA-PKcs Ḟᦆ⣽⬊ V3 ࡟ࡇࡢ࣋ࢡࢱ࣮ࢆᑟධࡍࡿࡇ࡜࡟ࡼࡗ࡚ DNA-PKcs ࡢⓎ⌧ไᚚ
ࢆヨࡳࡓࠋ
᪉ ἲ
ࣄࢺ 21␒ᰁⰍయ㛗⭎ࢆ๐㝖ࡋࠊ௵ពࡢ㑇ఏᏊࢆ⤌ࡳ㎸ࡴࡓࡵ࡟ loxP㓄ิࢆᤄධࡋࡓࣄࢺேᕤᰁⰍ
య㸦ǼqHAC㸧ࢆࠊDNA-PKcs㑇ఏᏊḞᦆ⣽⬊࡛࠶ࡿ V3⣽⬊㸦CHO⣽⬊⏤᮶㸧࡟ᚤᑠ᰾⣽⬊⼥ྜἲ
ࢆ⏝࠸࡚ᑟධࡋࡓࠋࡉࡽ࡟ࣉࣛࢫ࣑ࢻୖ࡛ࠊ㸰ࡘࡢ㑇ఏᏊࣘࢽࢵࢺ࠿ࡽ࡞ࡿ DNA-PKcs 㑇ఏᏊⓎ⌧
࢝ࢭࢵࢺࢆస〇ࡋࡓࠋᮏ࢝ࢭࢵࢺ࡟ࡣࠊࢸࢺࣛࢧ࢖ࢡࣜࣥࡢ᭷↓࡛ mRNA ࡢ㌿෗ࢆㄪ⠇ࡍࡿࢸࢺࣛ
ࢧ࢖ࢡࣜࣥㄪ⠇ᛶࢺࣛࣥࢫάᛶ໬ᅉᏊ࡜ࠊᮏᅉᏊ࡟ࡼࡗ࡚Ⓨ⌧ࢆㄪ⠇ࡉࢀࡿ DNA-PKcs ࡢ cDNA ࡀ
ྵࡲࢀ࡚࠸ࡿࠋࡇࡢⓎ⌧࢝ࢭࢵࢺࢆ Cre Ⓨ⌧࣋ࢡࢱ࣮࡜ඹ࡟ǼqHAC ࢆಖᣢࡋࡓ CHO ⣽⬊ࡲࡓࡣ
V3 ⣽⬊࡟ᑟධࡋࠊloxP 㓄ิ≉␗ⓗ⤌᥮࠼యࢆࢡ࣮ࣟࢽࣥࢢࡋࡓࠋ┠ⓗࡢ㑇ఏᏊᑟධࡀ⾜ࢃࢀࡓࡇ࡜
ࢆࢤࣀ࣒ DNA࡟ࡼࡿ PCR࡟ࡼࡾ☜ㄆࡋࡓࠋࡲࡓࠊ☜ᐇ࡟Ⓨ⌧ไᚚࡀᚓࡽࢀࡿࡼ࠺Ⓨ⌧࢝ࢭࢵࢺࢆᨵ
Ⰻࡋᑟධࢆ⾜ࡗࡓࠋᚓࡽࢀࡓࢡ࣮࡛ࣟࣥǼqHACୖ࡟ᑟධࡋࡓDNA-PKcs㑇ఏᏊࡢmRNAࡢⓎ⌧ࡀࠊ
ࢸࢺࣛࢧ࢖ࢡࣜࣥㄏᑟయ࡛࠶ࡿࢻ࢟ࢩࢧ࢖ࢡࣜࣥ(௨ୗ DOX)ᢞ୚࡟ࡼࡗ࡚ኚ໬ࡍࡿࡇ࡜ࢆ RT-PCR
ἲ࡟ࡼࡾ᳨ウࡋࡓࠋ
⤖ᯝ࡜⪃ᐹ
ࣄࢺேᕤᰁⰍయǼqHAC ୖ࡛ DNA-PKcs 㑇ఏᏊࡢⓎ⌧ࢆேᕤⓗ࡟ไᚚࡍࡿࢩࢫࢸ࣒ࢆ☜❧ࡍࡍࡿ
ࡓࡵ࡟㸰ࡘࡢⓎ⌧࢝ࢭࢵࢺ㸦➨㸯ୡ௦ࠊ➨㸰ୡ௦㸧ࢆᵓ⠏ࡋࡓࠋࡲࡎࠊ᭱ึ࡟స〇ࡋࡓ➨㸯ୡ௦࡟࠾
࠸࡚ࡣࠊࡇࡢⓎ⌧࢝ࢭࢵࢺࢆǼqHAC ࢆಖᣢࡍࡿ CHO ⣽⬊࡟ᑟධࡋࡓ࡜ࡇࢁࠊRT-PCR ࡟ࡼࡗ࡚
DNA-PKcs ࡢⓎ⌧ࢆ☜ㄆࡋࡓࡀࠊᮇᚅࡉࢀࡓ DOX ᢞ୚࡟ࡼࡿ DNA-PKcs ࡢⓎ⌧ไᚚࡣᚓࡽࢀ࡞࠿
ࡗࡓࠋࡉࡽ࡟ࠊࡇࡢⓎ⌧࢝ࢭࢵࢺࢆᤄධࡋࡓǼqHAC ࢆᚤᑠ᰾⼥ྜἲࢆ⏝࠸࡚ V3 ⣽⬊࡟ᑟධࡋ
DNA-PKcsࡢⓎ⌧ࢆ᳨ウࡋࡓࡀࠊDNA-PKcs㑇ఏᏊࢆಖᣢࡍࡿࡇ࡜ࡣࢤࣀ࣒ PCR࡛☜ㄆ࡛ࡁࡿࡶࡢ
ࡢࠊmRNAࡢⓎ⌧ࡣ☜ㄆࡉࢀ࡞࠿ࡗࡓࠋࡇࡢ⤖ᯝࡣࠊᚤᑠ᰾⣽⬊⼥ྜἲ࡟ࡼࡗ࡚Ⓨ⌧࢝ࢭࢵࢺࢆྵࡴ
ǼqHACࡀᦆയࢆཷࡅࡓࡇ࡜ࡶ⪃࠼ࡽࢀࡓࠋ
 ࡑࡇ࡛ࠊඛ࡟ V㸱⣽⬊࡟✵ࡢǼqHACࢆᑟධࡋᰁⰍయ FISHゎᯒ࡟ࡼࡾǼqHACࢆ㸯ࢥࣆ࣮ࡢࡳಖ
ᣢࡋࡓ V3 ⣽⬊ࢆᚓ࡚ࠊࡇࡇ࡟Ⓨ⌧࢝ࢭࢵࢺࢆᑟධࡋ࡚ྠᵝࡢⓎ⌧࣋ࢡࢱ࣮ࢆಖᣢࡋࡓ V3 ⣽⬊ࢆᚓ
ࡓࠋࡋ࠿ࡋᮏ V3⣽⬊࡛ࡣ DNA-PKcsࡢⓎ⌧ࡀ☜ㄆࡉࢀ࡞࠿ࡗࡓࠋࡇࢀࡽࡢ⤖ᯝࡣࠊⓎ⌧࢝ࢭࢵࢺෆ
ࡢ」ᩘࡢࣉ࣮ࣟࣔࢱ࣮࣭࢚ࣥࣁࣥࢧ࣮ࡀ┦஫స⏝ࡋ࡚࠸ࡿࡓࡵࠊDNA-PKcsࡢ DOX࡟ࡼࡿⓎ⌧ไᚚ
ࡸࠊ࠶ࡿ࠸ࡣⓎ⌧⮬యࡀᢚไࡉࢀ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡓࠋ
 ➨㸰ୡ௦ࡢⓎ⌧࢝ࢭࢵࢺ࡟࠾࠸࡚ࡣࠊ㸰ࡘࡢ㑇ఏᏊࡢྠ᫬Ⓨ⌧ࢆ⾜࠼ࡿࣉ࣮ࣟࣔࢱ࣮ࢆ⏝࠸࡚Ⓨ⌧
࢝ࢭࢵࢺࢆᨵⰋࡋࠊV3 ⣽⬊࡟ᑟධࡋࡓࠋࢤࣀ࣒ PCR ࡛Ⓨ⌧࢝ࢭࢵࢺࡢᤄධࢆ☜ㄆࡋࡓࢡ࣮࡛ࣟࣥࠊ
RT-PCR࡟ࡼࡗ࡚ V3⣽⬊࡛ࡢ DNA-PKcsࡢⓎ⌧ࢆ᳨ウࡋࡓ࡜ࡇࢁࠊmRNAⓎ⌧ࡀ☜ㄆࡉࢀࠊDOX
ࡢᢞ୚࡟ࡼࡾⓎ⌧㔞ࡀኚ໬ࡋࡓࠋࡉࡽ࡟ࠊࣝࢩࣇ࢙࣮ࣛࢮ࡟ࡼࡿ࣏࣮ࣞࢱゎᯒ࠿ࡽࠊࢸࢺࣛࢧ࢖ࢡࣜ
ࣥㄪ⠇ᛶࢺࣛࣥࢫάᛶ໬ᅉᏊࡢmRNA㌿෗άᛶࡀࠊ➨㸯ୡ௦ࡢⓎ⌧࢝ࢭࢵࢺ࡛ࡣ DOXࡢᢞ୚࡟ࡼࡗ
࡚ኚ໬࡟ஈࡋ࠸ࡢ࡟ᑐࡋ࡚ࠊ➨㸰ୡ௦ࡢⓎ⌧࢝ࢭࢵࢺ࡛ࡣࠊDOX ࡢᢞ୚࡟ࡼࡗ࡚᫂ࡽ࠿࡟పୗࡍࡿ
ࡇ࡜ࡀ☜ㄆࡉࢀࡓࠋ
 ௨ୖࡢ⤖ᯝ࠿ࡽ➨㸯ୡ௦ࡢⓎ⌧࢝ࢭࢵࢺ࡛Ⓨ⌧ไᚚࡀ୙⬟ࡔࡗࡓཎᅉ࡜ࡋ࡚ࠊ㸰ࡘࡢࣉ࣮ࣟࣔࢱ
࣮࣭࢚ࣥࣁࣥࢧ࣮ࡀ㏆᥋ࡋ࡚࠸ࡿࡓࡵ୧⪅㛫࡛┦஫స⏝ࡍࡿࡓࡵ࡟ࠊCHO ⣽⬊࡛ࡢⓎ⌧ไᚚࡀᅔ㞴
࡛ࠊV3 ࡛ࡢⓎ⌧ࡀぢࡽࢀ࡞࠸࡜⪃࠼ࡽࢀࡓࠋࡇࡢ┦஫స⏝ࢆᢚไࡍࡿ➨㸰ୡ௦Ⓨ⌧࢝ࢭࢵࢺࢆ⏝࠸
ࡿࡇ࡜࡟ࡼࡾࠊV3⣽⬊࡟࠾࠸࡚ DNA-PKcsࡢⓎ⌧࡜ࡑࡢไᚚࡀྍ⬟࡜࡞ࡗࡓࠋǼqHACୖ࡟ࡣࠊࡲ
ࡔ᪤▱㑇ఏᏊࡀṧࡗ࡚࠾ࡾࠊࡼࡾᗈ⠊ᅖ࡞ᛂ⏝ࡸヲ⣽࡞ᶵ⬟ゎᯒࡢࡓࡵ࡟ࡣࠊࡇࢀࡽࢆ๐㝖ࡍࡿ࡞࡝
ᨵⰋࡢవᆅࡀṧࡿࡀࠊࣄࢺேᕤᰁⰍయࡢ฼⏝ᢏ⾡ࡢᐇ⏝໬ࡢࡓࡵࡢᇶ┙ࡀ☜❧ࡉࢀࡓ࡜⪃࠼ࡽࢀࡿࠋ
⤖ ㄽ
 ࣄࢺேᕤᰁⰍయǼqHAC࡜ࢸࢺࣛࢧ࢖ࢡࣜࣥㄏᑟ⣔ࢆࡶࡕ࠸࡚ࠊDNA-PKcs㑇ఏᏊⓎ⌧ไᚚ⣔ࢆᵓ
⠏ࡋࡓࠋDNA-PKcs Ḟᦆ⣽⬊ V3 ෆ࡟Ⓨ⌧ไᚚ࣋ࢡࢱ࣮ࢆᑟධࡍࡿࡇ࡜࡛ࢻ࢟ࢩࢧ࢖ࢡࣜࣥ࡟ࡼࡿ
DNA-PKcsࡢⓎ⌧ไᚚࡀྍ⬟࡜࡞ࡗࡓࠋࡇࡢࡇ࡜ࡼࡾࠊ㑇ఏᏊ෌⏕་⒪࡟ྥࡅ࡚ࡢᇶᮏ࣋ࢡࢱ࣮స〇
ࡢࡓࡵࡢᇶ┙࡙ࡃࡾࡀ࡛ࡁࡓࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ
ㄽ ᩥ ᑂ ᰝ ࡢ ⤖ ᯝ ࡢ せ ᪨
 ᮏ◊✲࡛ࡣ HAC ࣋ࢡࢱ࣮ୖ࡟ࢸࢺࣛࢧ࢖ࢡࣜࣥ࡟ࡼࡿㄏᑟ⣔ࡢࢸࢺࣛࢧ࢖ࢡࣜࣥㄪ⠇ᛶࢺࣛࣥࢫ
άᛶ໬ᅉᏊ࡜ DNA-PKcs ࡢ cDNA ࢆᤄධࡋ࡚ࠊேᕤⓗ࡞Ⓨ⌧ไᚚࢆྍ⬟࡜ࡍࡿ࣋ࢡࢱ࣮ࢆస〇ࡋࠊ
DNA-PKcs Ḟᦆ⣽⬊ V3 ࡟ࡇࡢ࣋ࢡࢱ࣮ࢆᑟධࡍࡿࡇ࡜࡟ࡼࡗ࡚ DNA-PKcs ࡢⓎ⌧ไᚚࡀྍ⬟࡛࠶
ࡿࡇ࡜ࢆ♧ࡋࡓࠋࡲࡎࠊࣄࢺ 21␒ᰁⰍయ㛗⭎ࢆ๐㝖ࡋ loxP㓄ิࢆᤄධࡋࡓǼqHACࢆࠊDNA-PKcs
㑇ఏᏊḞᦆ⣽⬊࡛࠶ࡿ V3⣽⬊㸦CHO⣽⬊⏤᮶㸧࡟ᚤᑠ᰾⣽⬊⼥ྜἲࢆ⏝࠸࡚ᑟධࡋࡓࠋࡉࡽ࡟ࣉࣛ
ࢫ࣑ࢻୖ࡛ࠊࢸࢺࣛࢧ࢖ࢡࣜࣥࡢ᭷↓࡛ DNA-PKcsࡢ㌿෗ࢆㄪ⠇࡛ࡁࡿࡼ࠺࡞ DNA-PKcs㑇ఏᏊⓎ
⌧࢝ࢭࢵࢺࢆస〇ࡋࡓࠋࡇࡢⓎ⌧࢝ࢭࢵࢺࢆ CreⓎ⌧࣋ࢡࢱ࣮࡜ඹ࡟ǼqHACࢆಖᣢࡋࡓ V3⣽⬊࡟
ᑟධࡋࠊloxP 㓄ิ≉␗ⓗ⤌᥮యࢆࢡ࣮ࣟࢽࣥࢢࡋࡓࠋᚓࡽࢀࡓࢡ࣮ࣟࣥǼqHAC ୖ࡟ᑟධࡋࡓ
DNA-PKcs㑇ఏᏊࡢⓎ⌧ࡀࠊࢸࢺࣛࢧ࢖ࢡࣜࣥㄏᑟయ࡛࠶ࡿࢻ࢟ࢩࢧ࢖ࢡࣜࣥࡢᢞ୚࡟ࡼࡗ࡚ไᚚࡉ
ࢀࡿࡇ࡜ࢆ RT-PCRἲ࡟ࡼࡾ☜ㄆࡋࡓࠋ
ǼqHAC࡜ࢸࢺࣛࢧ࢖ࢡࣜࣥㄏᑟ⣔࡟ࡼࡗ࡚ࠊDNA-PKcs㑇ఏᏊࡢேᕤⓗ࡞Ⓨ⌧ไᚚࡀྍ⬟࡞ࡇ࡜ࡀ
♧ࡉࢀࡓࠋ
 ᮏㄽᩥࡢෆᐜࡣศᏊ⣽⬊⏕≀Ꮫࡢศ㔝࡛ࣄࢺேᕤᰁⰍయ࣋ࢡࢱ࣮ࢆ⏝࠸ࡓⓎ⌧ไᚚ⣔ࡢ᭷⏝ᛶࢆ♧
၀ࡋࠊࡲࡓࠊ௒ᚋࡢ㑇ఏᏊ἞⒪ࡢࡓࡵࡢᇶᮏ࣋ࢡࢱ࣮ࡀᵓ⠏࡛ࡁࡓࡇ࡜ࢆ♧ࡍࡶࡢ࡛࠶ࡾࠊ᫂ࡽ࠿࡟
Ꮫ⾡Ỉ‽ࢆ㧗ࡵࡓࡶࡢ࡜ㄆࡵࡿࠋ
